Over the last decade it has been shown that magnetic non-collinearity at the superconductor-ferromagnet interface is a key ingredient for spin-singlet to spintriplet pair conversion. This effect has been verified in several synthetic non-collinear magnetic structures. In this context, the combination of a soft and a hard ferro- 
I. INTRODUCTION
The field of superconducting spintronics has attracted significant interest in recent years [1] [2] [3] with the aim of creating fast, energy efficient computers that couple superconductivity and spin degrees of freedom. By combining superconductivity (S) and ferromagnetism (F), novel phenomena can arise, including π-Josephson coupling 4 and spin-triplet supercurrents 5 . For a homogeneous ferromagnet, spin mixing occurs at the S/F interface, giving rise to short range S z = 0 singlet and triplet components (ξ F ∼ 1-10 nm) 3 . On introducing magnetization non-collinearity at the S/F interface, an additional phenomenon known as spin rotation happens. This converts the short range S z = 0 triplet component into long range S z = ±1 triplet components 3 . The S z = ±1 components of a triplet supercurrent are odd in frequency and even in momentum and, therefore, is insensitive to impurity scattering 3 . When propagating through a ferromagnet, the Zeeman field has no pair-breaking effect on triplet Cooper-pairs meaning triplet Cooper pairs are long-ranged in the ferromagnet 3 .
A number of proposals have been put forward to create and control triplet supercurrents in S/F hybrid structures, including Josephson junctions with domain walls or textured ferromagnets 6, 7 , bilayer and trilayer ferromagnetic regions 8 , spin injection 9 , and via spinactive interfaces 10 , where a net interface magnetic moment is misaligned with respect to the bulk magnetization.
The first experimental demonstration of long-ranged supercurrents was reported by Keizer Although it is now established that triplet supercurrents exist, for their practical application in superconducting spintronics, we must have a direct control over the generation and tuning of triplet supercurrent. In order to achieve this control in S/F devices, it is nec- essary to be able to magnetically tune or manipulate spin-triplet supercurrents. Magnetic exchange spring (XS) interfaces have the potential to offer such control in S/F systems.
XS systems consist of neighboring layers of magnetically hard and soft ferromagnetic materials in which the magnetic configuration is programmable by means of small (<100 mT) This recovery of superconductivity may be explained as due to the singlet-triplet conversion through the non-collinear magnetic structure of the XS. Furthermore, the tunability of T c of Nb was achieved in the reversible spring range of the Co/Py exchange-spring.
II. EXPERIMENTAL DETAILS:
We have prepared Nb/Co/Py/Nb multilayer films at room temperature, in an Ar pressure of 1. as an exchange spring. The thickness of the niobium layer was chosen as 55 nm which is well above the coherence length of niobium (∼ 40nm) 22 . Cobalt and permalloy were chosen as hard layer and soft layer so as to achieve a magnetically non-collinear structure with low 5 magnetic fields 23, 24 . The permalloy layer is coupled to the cobalt layer at the Co/Py interface due to exchange coupling between the two layers. However, its moments are free to rotate with an external applied magnetic field at the Nb/Py interface. Therefore, when a magnetic field is applied in a direction opposite to the cobalt layer moments, as shown in Fig. 1(a) , a relative angle between the magnetic moments of the Co and Py layer is established. The rotation of moments in the permalloy layer results in a non-collinear spin structure as shown in Fig.1 (a) . The magnetic non-collinearity of this structure can be controlled by means of an external magnetic field of a few mT. Furthermore, this non-collinear structure is reversible with respect to the external magnetic field in a particular field range, known as the spring range. Thus, it is possible to generate and control the inhomogeneity (non-collinearity) in the magnetization of the F-layer in S/XS/S systems. It is therefore a plausible systems to study the generation and tuning of triplet superconductivity in S/F hybrids. higher field values as shown in Fig. 1(b) . This shows that the non-collinearity formed in the permalloy layer can be tuned with respect to the applied magnetic field of a few mT. This confirms the spring nature of the Co(30 nm)/Py(30 nm) bilayer 25-27 .
In Fig. 2(a) negative moment due to a diamagnetic response of the superconducting film. The positive moment is, however, possible if there is a magnetic field history involved in the measurement, which is the case here. The magnetic field history, however, does not affect the transition temperature. In order to verify this we have performed M(T) measurements of a single layer Nb film under various magnetic history conditions as shown in the inset of Fig. 2(b) . Clearly, the T c remains absolutely unaffected by the magnetic history. In the T c (H) curve shown in Fig. 2(a) , when the magnetic field is ramped down from the saturation field, domain activity in permalloy starts at around the field where the hysteresis loop opens up, as shown from the derivative curve in Fig. 2(a) . A decrease in transition temperature with decreasing magnetic field was observed in this range of magnetic field. This decrease in T c can be explained as due to the effect of stray fields of intrinsic domain walls in the permalloy layer. The stray fields are present throughout and always tend to decrease the T c during the magnetization reversal of both Co and Py thin films 21 . However, we observe a gradual recovery of T c by about 400 mK in the inhomogeneous range as shown in Fig. 2(a) . By inhomogeneous range, we mean the range of fields in which the non-collinear magnetic structure is established in Co/Py XS. We explain this recovery in T c from the fact that diamagnetic currents are set up in the Nb layer upon applying external in-plane magnetic field. In the inhomogeneous range of magnetic fields, the singlet Cooper-pairs may convert into triplet Cooper-pairs at the S-F interface on sensing the non-collinear structure of magnetic moments between Co propose that this enhancement is due to an unanticipated proximity effect and there may be some new physics yet to be captured. In our study, magnetization measurements have been performed to extract the value of T c , and the modification of diamagnetic current distribution of Nb, due to singlet-triplet conversion, has been proposed as the mechanism for the recovery of T c in the inhomogeneous range of Co and Py moments. Moreover, as the magnetic field approaches negative saturation, T c again recovered to the value corresponding to positive saturation as shown in Fig. 2(a) . Fig. 3(a) . The minor loops will be irreversible for field values outside the spring range as shown in Fig. 3(b) and hence the T c will be different (dotted lines in Fig. 3(a) ).
This shows that T c can be tuned in the reversible spring range of Co/Py XS.
In order to investigate whether these results are due to singlet-triplet conversion, we mea- Fig. 4 and hence, no domain wall formation takes place. Therefore, no suppression in T c was observed due to the intrinsic domain wall stray field. Furthermore, no enhancement in T c was observed unlike the previous reports 17, 18 . This may be due to the absence of non-collinear magnetic structure. Comparing this result with that shown in Fig. 2(b) , we propose that the noncollinear structure formed in the Co/Py exchange-spring may be the source of observed △T c in Fig. 2(a) . Moreover, non-collinear magnetic structure has been demonstrated as the key ingredient for the generation of triplet Cooper-pairs from singlet Cooper-pairs 5 . Therefore, we propose that this observation of a recovery of T c (△T c ) in Fig. 2(a) is due to odd triplet superconductivity in these S/XS structures which can be easily modulated with a small applied magnetic field.
IV. CONCLUSION
In summary, we have investigated proximity behavior in Nb ( 
